Concerns about bioterrorism and influenza have focused attention on identifying novel data sources to enhance public health surveillance. The authors evaluated free Pittsburgh Post-Gazette Internet death notices for Allegheny County, Pennsylvania, as a potentially timely source of mortality data. Data abstracted from Internet death notices for 1998-2001 were compared with mortality records from the Pennsylvania Department of Health. Approximately 75% (44,294/60,281) of state records had death notices, and 91% (44,294/48,651) of death notices corresponded to a state record. There was a 2-day median lag from the date of death to online death notice publication. The date of death, gender, age, and name data were nearly 90% accurate and 60-100% complete. Increasing education and age were independently associated with increased Pittsburgh Post-Gazette reporting. Being non-White, female, or a nursing home resident were independently associated with decreased reporting. The Pittsburgh Post-Gazette Internet death notices provided accurate, timely mortality data for nearly three fourths of all Allegheny
Mortality surveillance has been an important epidemiologic tool since William Farr introduced the concept during the 1847-1848 influenza epidemic in London (1) . Findings are now used to characterize epidemics, quantify the severity of influenza seasons, initiate investigations, better describe causes of mortality, efficiently allocate public health resources, and evaluate program efficacy (2) . However, in the United States, existing mortality surveillance lacks timely, local epidemic detection capabilities, highlighting the need for new data sources to track the public health impact of diseases that cause excess mortality, such as influenza.
In the United States, death certificate collection and analysis currently provide the only means of monitoring trends in mortality, and they require months for states to compile manually. The Office of Budget and Management is implementing the E-Vital program to expand the use of electronic death registration (EDR) systems by states. However, the program is funded on behalf of the Social Security Administration, not the Department of Health and Human Services. The data collected via the EDR systems are not currently incorporated into mortality-monitoring programs conducted by the Centers for Disease Control and Prevention (CDC). EDR implementations are designed primarily to prevent fraudulent Social Security Administration benefit payments to deceased beneficiaries, not for public health surveillance.
Moreover, the extension of EDR systems to national coverage is uncertain, given E-Vital's highly political nature. Implementation of EDRs had varied degrees of success in states where they have been employed, the E-Vital program was not mentioned in the Office of Budget and Management's 2006 annual report to Congress, and all of the electronic government (E-Government) initiatives (including E-Vital) were subjects of Congressional scrutiny in 2006 (3) . Finally, according to Office of Budget and Management performance measures for the E-Vital program, as of January 2007, only 23 percent of deaths in the 16 states implementing EDRs were reported via the electronic systems. The performance measures had not yet determined death notification processing time (4) . Thus, existing EDRs are not currently capable of providing sufficient mortality data to conduct epidemic detection functions at either a state or a federal level. Additionally, future development of a timely, accurate, national electronic mortality data network via the E-Vital program is uncertain.
The CDC's 122 Cities Mortality Reporting System and influenza-related pediatric mortality tracking use sentinel sites to enhance timeliness of data collection and analysis. However, even these data are delayed by approximately 2-3 weeks from the times of death and evaluate only weekly aggregated, national-level data (5-7). Additionally, the CDC uses death certificate filing dates in lieu of date of death. Thus, as a result of vacation days taken by employees of reporting institutions, holidays artificially affect the number of deaths reported for that time period. For example, deaths are reported for only 3-5 days prior to Christmas or Thanksgiving, whereas after the holiday week, the CDC will receive data for 9-11 days (8) . Finally, the data cannot be used to assess local trends and do not include residency information.
In contrast, since 1998 the Pittsburgh Post-Gazette has been publishing free, daily, online death notices for the greater Pittsburgh area, which includes the counties of Allegheny, Beaver, Butler, Washington, and Westmoreland (www.PostGazette.com/obituaries). Allegheny County, encompassing the city of Pittsburgh, has a population of over 1,250,000, making the county an ideal location for epidemic surveillance/ detection in western Pennsylvania (9, 10) . We conducted an attribute assessment of these death notices to assess their potential utility for timely, local mortality surveillance.
MATERIALS AND METHODS

Data preparation
The following is the standard data format included in Pittsburgh Post-Gazette online death notices that are presented by county of burial: Doe, John Q., age, of . . ., formerly of . . ., date of death, funeral home name, funeral home location (town). Using Python 1.6 text recognition software (Python Software Foundation, Hampton, New Hampshire), we abstracted first, middle, and last names; name suffixes (i.e., Jr., Sr., II, and III); age; date of publication; date of death; and residency from death notices with dates of death in the Pittsburgh Post-Gazette from 1998 to 2001 for those buried in Allegheny County. Names were standardized by deleting spaces, apostrophes, and titles such as Dr. and Rabbi. We assigned unique identification numbers to each individual receiving a death notice and used predefined parameters allowing for up to a two-letter misspelling, hyphenated last names, and a AE2-day difference in dates of death to identify multiple notices for an individual. We merged multiple notices per individual using the SAS PROC UPDATE procedure (SAS Institute, Inc., Cary, North Carolina), which overwrote data from the initial death notice with subsequent, duplicate data.
Gender was determined by a comparison of first names with Census 2000 name-gender frequencies. If a first name in a death notice was found in only one of the gender-based census lists, the gender of that list was assigned to the death notice. We designated death notices containing a name suffix, such as Jr., Sr., or II, as male. For unisex names, we used the percent frequency of occurrence by gender provided by the census. If the percent frequency was 0.015 percent or more in only one of the name-gender lists, then that list's gender was assigned. Names with no match in either gender list were marked as unknown, as were names where the frequency in both lists was either !0.015 percent or <0.015 percent. The 0.015 percent cutoff level was selected upon comparative review of census data.
Attribute assessment
On the basis of predefined parameters focusing on the date of death and first and last names, we matched updated Pittsburgh Post-Gazette death notices with Pennsylvania Department of Health mortality records for Allegheny County residents. In cases where the date of death was missing from the Pittsburgh Post-Gazette death notice, we substituted the (date of publication -mean lag time from death to date of publication (2 days)) as calculated in the timeliness analysis. Using state mortality records as the ''gold standard,'' we conducted an attribute assessment consisting of the following five criteria to characterize the features of the death notice data.
Sensitivity was defined as the (number of state mortality records with a corresponding death notice)/(total number of state mortality records). Positive predictive value (PPV) was calculated as the (number of death notices with a corresponding state mortality record)/(total death notices). Timeliness was calculated as the number of days between the death notice date of death and the date of publication. Data quality was assessed by use of SAS PROC COMPARE by tabulating the completeness and accuracy of death notice data fields, in comparison with corresponding state mortality record fields. Residential comparisons were based on minor civil division codes (MCDs) used by the state to record the municipality of residence. Representativeness was evaluated using SAS PROC LOGISTIC (a ¼ 0.01) to conduct univariate and multivariate logistic regression analyses to assess factors contributing to inclusion in Pittsburgh PostGazette death notices (i.e., death notice reporting). We regressed state mortality data with a binomial outcome variable representing whether a matching Pittsburgh PostGazette death notice existed. To compensate for anomalies in newspaper publication procedures, we excluded 5,519 death notices from the first 6 weeks of 1998 and April-June of 2000. In 1998, the Pittsburgh Post-Gazette began publishing online, and initial reporting suffered from data entry gaps. In 2000, the Pittsburgh Post-Gazette briefly incorporated obituaries published in other newspapers. The practice was later discontinued. All variables were treated as categorical except date of death, age, and years of education attained. Race was grouped into White, Black, and other. Additionally, misspellings in name fields greater than two letters and differences in dates of death greater than 2 days prevented the identification of some corresponding records. There was no significant age or gender difference between those with corresponding state records and those without.
Timeliness
Date of death was included in 99.1 percent (48,233/ 48,651) of death notices. Thirty-six percent of death notices were published within 1 day of death, 81.7 percent within 2 days, 92.1 percent within 3 days, 95.6 percent within 4 days, 97.0 percent within 5 days, 98.1 percent within 7 days, and 99.0 percent within 33 days. In all 4 years, the median publication lag times were 2 days (mean: 2.1 days). The maximum lag time was 244 days. A newspaper data entry error resulted in one death notice with a date of death occurring after the date of publication.
Data quality
First and last names were nearly all complete, with blank first name fields in only 13 death notices. The date of death, gender, and residence were 99.1 percent, 95.6 percent, and 74.3 percent complete, respectively ( 
Representativeness
Univariate analysis. In univariate analysis, we found age and education to be associated with increased death notice reporting as compared with referents (table 4) . Gender, race, manner of death, and disposition of the body were associated with decreased reporting. The 129 MCDs had mixed results. The date of death was not a significant predictor.
Although non-Whites were reported less in Pittsburgh Post-Gazette death notices, Blacks comprised only 11.3 percent (6,187/54,762) and all other races 0.3 percent (150/54,762) of all deaths. Those deaths from suicide, homicide, or an undetermined manner were reported less than those from natural causes. However, when combined, these represent 1.7 percent (906/54,762) of all deaths. Finally, although cremation, donation, and out-of-state disposition of a body reduced death notice reporting, all out-of-state dispositions and in-state donations of bodies combined represent only 2.0 percent (1,083/54,762) of all deaths.
Of 129 MCDs in Allegheny County, 64 had death notice reporting rates that were significantly different from that of the city of Pittsburgh, the referent. Residents of these 64 MCDs represented 44.3 percent of all deaths in the county. The median odds ratio of death notice reporting was 0.38 (mean odds ¼ 0.8) for these MCDs. Twenty three were associated with higher death notice reporting than Pittsburgh (odds ratio (OR) range: 1.4-3.2) and 41 with lower reporting (OR range: 0.0-0.8).
Multivariate analysis. Multivariate odds ratios for age, education, race, and gender remained consistent with univariate results (table 5). In the multivariate analysis, accidental manner of death (referent is death from natural causes) was associated with increased reporting, replacing suicide, homicide, and undetermined manners of death associated with decreased reporting in the univariate analysis. Disposition of the body (table 5) had fewer significant levels of response but remained associated with decreased death notice reporting.
In multivariate analysis, five MCDs were associated with increased reporting (OR range: 1.20-1.75) and 46 with decreased reporting (OR range: 0.00-0.90). The median odds ratio declined to 0.12 (mean odds ¼ 0.36) for the 51 MCDs versus 0.38 for the 64 MCDs in the univariate analysis. Additionally, the proportion of all deaths residing in one of these 51 MCDs declined from 44.3 percent in the univariate to 33.2 percent in the multivariate analysis.
Of 54,762 deaths, 1,473 (2.3 percent) were excluded from the multivariate analysis primarily because of missing data on education (1,471/1,473). Although 2.4 percent of records for Whites were deleted because of blank data on education, 4.9 percent and 4.0 percent of Black and other races were removed. This contributed to a decrease in odds ratios for racial categories as compared with univariate results.
DISCUSSION
The free, online death notices provided by the primary regional newspaper, the Pittsburgh Post-Gazette, documented approximately 69 percent of deaths in the county from 1998 and 75-79 percent in the latter 3 years. Reporting was lower in 1998 because the Pittsburgh Post-Gazette began online posting of death notices that year, and the initial 2-4 months of publication suffered from gaps in data entry not repeated subsequently.
In all 4 years of the study, 91 percent of death notices for Allegheny County residents had a corresponding state mortality record. Data differences exceeding the predefined matching parameters of the study prevented some additional matching (e.g., >2-letter difference in the spelling of a name and >2-day difference in dates of death). Moreover, an examination of state records revealed that some individuals identified as Allegheny County residents appeared to have out-of-state addresses. As the result of potential imperfections of the gold standard, the sensitivity and PPV of the Pittsburgh Post-Gazette system may have been underestimated in this analysis. The median and mean lag times between the date of death and the date of publication were 2 days. Nearly 82 percent of notices were reported within 2 days of death and 98 percent within 7 days. Thus, the timeliness of death notice reporting exceeds other means of mortality monitoring used by the CDC, such as the 122 Cities Mortality Reporting System which is delayed by at least 2-3 weeks (2, 5-7).
Residency fields in the Pittsburgh Post-Gazette were 80 percent accurate. Residence in state mortality records is defined as the deceased's permanent or principal domicile based on legal state/county records (e.g., driver's license, tax forms). However, the residence provided in death notices is self-defined by the deceased's family. As a result, a difference between where people physically lived and where they associated themselves (e.g., where they were raised or lived most of their lives) may have contributed to the discrepancies between the two data sets. Nevertheless, additional research into the geographic distribution of reporting rates may provide a method of tracking local spatial trends in mortality.
Data derived for name, date of death, age, and gender were all approximately 90 percent accurate. With the exception of age, completeness for these variables exceeded 95 percent. Age was published in only approximately 60 percent of cases. The more frequent lack of age data among death notices for those aged 50-90 years is offset by the increased likelihood of death notice publication for older individuals. Additionally, if reporting sensitivity by age remains constant over time, these data could be useful for monitoring age-specific deaths over time.
Although residents of over a third of the county's municipalities were less likely to publish a death notice than city of Pittsburgh residents, multivariate analysis controlled for much of the reporting discrepancy among MCDs, reducing the median reporting odds ratio from 0.38 in the univariate analysis to 0.12 in the multivariate. Thus, county residents of municipalities surrounding the city of Pittsburgh are nearly as well represented in the death notices as those of the county's urban center.
Additionally, further investigation of the MCD results using Census 2000 median household incomes for 1999 indicated that household income did not impact reporting. MCDs with both higher and lower reporting rates had median household incomes between that of Pittsburgh (referent) and the 78 MCDs exhibiting no significant reporting difference from the referent.
Increases in years of education were associated with a slightly higher likelihood of death notice publication. Females and non-Whites were less likely to have a published death notice. However, according to Census 2000, nonWhites comprised approximately only 15 percent of the county's population (7) . Again, if reporting rates remain constant for these factors, this system could be useful for monitoring trends even among groups less likely to have an online death notice. Alternatively, sentinel populations appropriate to the disease of interest could be selected to compensate for these biases.
Selwyn Collins, a pioneer in mortality surveillance, observed that, for every peak in excess mortality associated with influenza and pneumonia, there is a corresponding peak in excess mortality attributed to other causes (11) . Research in this area demonstrated associations of increased risk of influenza-related death and patients with a variety of chronic diseases, including diabetes mellitus, multiple sclerosis, scoliosis, and some heart diseases (1, (11) (12) (13) . Accordingly, all-cause mortality distributions will indicate influenza epidemics with wider, less pronounced peaks than those using influenza-specific mortality data. Thus, a more accurate measure of the total impact of an epidemic is given by all-cause, excess mortality calculations, where the cause of death on a death certificate may mask the presence of an alternate contributing cause as with influenza or human immunodeficiency virus historically (12) . Additionally, the wider distributions increase surveillance sensitivity and the timeliness of existing epidemic detection methods. Therefore, the lack of cause-of-death data in the Pittsburgh Post-Gazette death notices is not expected to adversely affect excess mortality quantification or epidemic detection. This is supported by figure 1 that indicates the similarity of mortality trends among Allegheny County all-cause deaths, pneumonia/influenza deaths, and Pittsburgh PostGazette death notice reporting. Future research should evaluate the utility of the Pittsburgh Post-Gazette death notices to specifically detect excess mortality and influenza epidemics.
Concerns about bioterrorism and a virulent influenza pandemic have focused attention on identifying novel data sources in order to enhance public health surveillance. With rapid influenza outbreak detection and a means to measure the magnitude of an epidemic, local public health resources could be used more effectively to mitigate epidemic impacts. In addition to the potential utility of this system for influenza surveillance, monitoring of online death notices may also be useful for detecting and assessing the magnitude of bioterrorism attacks and naturally occurring outbreaks associated with excess mortality.
Currently, there are several syndromic surveillance systems, such as the Electronic Surveillance System for the Early Notification of Community-based Epidemics (ESSENCE) and the Real-time Outbreak Detection System (RODS), accessible to several state and county health departments throughout the nation. Additionally, CDC's BioSense syndromic surveillance, Electronic Early Aberration Reporting System (EARS), and 122 Cities Mortality Monitoring System programs offer opportunities for federal implementation. Syndromic systems are in need of additional data streams to bolster signal detection sensitivity without losing specificity and would benefit from the inclusion of additional signals. Incorporating mortality surveillance into these systems would be an effective approach to operationalization and would provide the ability to categorize the cause of the detected epidemic/excess number of deaths.
Smaller cities served by one or two newspapers providing free death notices offer the most probable candidates for replication of the findings presented here. Additionally, the existence of popular online obituary services, such as Legacy.com and ObitsArchive.com, offers additional datamining opportunities not explored in the current research. Legacy.com serves over 1,000 newspapers in cities nationwide and could be used as a supplemental source of death notice data. A preliminary Internet search revealed that the geographically diverse cities of Austin, Texas, Tulsa, Oklahoma, St. Louis, Missouri, Charlotte, North Carolina, Des Moines, Iowa, Colorado Springs, Colorado, San Buenaventura (i.e., Ventura), California, Winston-Salem, North Carolina, and Peoria, Illinois, fit the recommended profile and have populations ranging from approximately 104,000 to 690,250. Additionally, Phoenix, Arizona (population of approximately 1,461,575), had a total of five newspapers with two providing free obituaries and the others exclusively using the online Legacy.com service to compile obituary data. With identification of other cities across the United States where death notice data can be used to enhance local-level influenza surveillance, it would be possible to track temporal and spatial trends in influenza-related mortality nationwide.
